Background: Uncharacterized proteins from newly sequenced genomes provide perfect targets for fold and function prediction.
Introduction
Recent years have brought a rapid increase of pace in determining new protein sequences. At present, over 300,000 protein sequences are deposited in public databases and several entire genomes of mostly prokaryotic organisms are known. Most of the new sequences are known only at the cDNA level. A computer analysis of their sequences is a primary source of information about their function and structure.
In particular, if homology to an already characterized protein family can be established, it is possible to make various inferences about the new protein structure, activity and function. Studying the sequence similarity between two proteins can be used to argue for or against their homology. For any measure of similarity, it is possible to determine the distribution of scores between unrelated proteins. Then, it is possible to calculate the E value, the number of proteins with a given score that could be expected by chance. A very small E value is usually taken as an argument that the score could not have happened by chance and the two proteins being compared are therefore homologous.
The functional and structural prediction by homology to already characterized proteins is extremely successful, being fast, inexpensive and reliable. There are several publicly available programs, such as BLAST [1] or FASTA [2] , as well as many commercial or public software packages [3, 4] or World Wide Web services [5, 6] geared toward recognition of protein homology by the analysis of sequence similarities. Unfortunately, all such programs fail to recognize unrelated proteins that have a fold similar to that of an already known protein. They also fail for distantly related proteins when the sequence similarity drops to the level of random similarity between unrelated proteins.
Two different sets of tools were developed to address these two seemingly different problems. Superseding and/or enhancing the sequence-sequence similarity by sequence-structure compatibility allowed searching for unrelated proteins with similar structures [7] [8] [9] [10] [11] . Using additional information from multiple alignments of already identified homologous proteins extended the application of sequence alignment tools to recognize distantly related proteins [12, 13] .
These two approaches ask two seemingly different questions and strive to achieve apparently different goals. The first approach, usually referred to as threading, strives to match a sequence to a structure, targeting proteins with a similar three-dimensional structure with or without any homology between them [7] [8] [9] [10] [11] . The second approach uses sequences of closely related proteins to estimate the patterns of mutations along the sequence and to create the position-specific mutation matrix [12, 13] . The objective of this approach is the same as in the standard sequence alignment methods -to identify homologies between proteins, or in this case protein families. Thus, in principle, the threading approach has a much wider application than the profile, or any other sequence-only type approach. A significant limitation of threading is that it can be used only for proteins with known structures. On the other hand, sequence-based methods seeking to recognize homology between proteins can use proteins for which the structure is not known, and at the same time, they can achieve much more than just structure prediction. If a protein can be placed into the already characterized family of homologous proteins, there might be features, other than the structure, that are shared by all or some members of the family. Features such as function, activity, mechanism of action, cofactors necessary for their activity and general patterns of interactions with other molecules are often shared by homologous proteins, depending on the evolutionary distance between them.
Recently, we have demonstrated that the profile alignment methods can closely match the threading algorithms (see the Materials and methods section for an example) in terms of recognizing fold similarity [14] . This strongly supports the growing realization that in most known examples of apparently unrelated proteins with similar structures, the proteins in question are actually homologous. This is in direct contradiction to the ideas expressed in the early threading papers, which explicitly claimed going beyond the 'homology paradigm' [9] . Detailed analysis of many specific pairs and groups of structurally similar proteins suggested that they represent very distant homologs [15] [16] [17] [18] . At the same time, more sophisticated methods of sequence comparison, such as Hidden Markov Models [19] and PSI-BLAST ( [20] ; discussed later in this paper) extended the reach of sequence similarity recognition into the region, which before was thought to represent purely random sequence similarities. All these results open a new interpretation of fold predictions.
According to this interpretation, methods such as threading or other analogy-based structure prediction methods do not actually predict a fold, but instead, they recognize the homologous family to which the new protein belongs. The fold similarity between a new protein and a known structure from the family is simply a consequence of their homology. As for other features, their predictions are limited only by the evolutionary distance between the protein being predicted and the already characterized protein family and by our understanding of how such features change in homologous families. Unfortunately, we do not have a deep understanding of how functions evolve in homologous families. Most of our understanding is based on the analysis of relatively closely related proteins and/or on families of orthologous proteins, in which the function remains the same for all proteins. Thus, all function assignments from homology are tentative and subject to verification and, possibly, significant change.
Recently, a hybrid sequence threading algorithm was applied to the fold assignment for proteins of Mycoplasma genitalium [21] . 103 proteins could be assigned to a three-dimensional fold; 28 more than a standard sequence-based approach [21] . Here, we re-examine the proteins using two sequence-only tools, geared by design to recognize homologies between protein families. PSI-BLAST [20] , the newly improved rapid database search algorithm BLAST, is a 'state-of-the-art' sequence similarity tool. BASIC (bilateral amplified sequence information comparison) is a profile-profile alignment method from a fold recognition suite developed in our group [14, 22] .
M. genitalium is a small, pathogenic Gram-positive bacterium associated with pulmonary and urogenital infections in humans. Its close cousin, Mycoplasma pneumoniae causes primary atypical pneumonia. M. genitalium is a very simple organism lacking a cell wall and is the smallest known cellular organism capable of independent replication. Its entire genome, composed of 468 predicted open reading frames, was sequenced by 'shotgun' sequencing [23] and made available on the World Wide Web site for The Institute for Genome Research (www.tigr.org) with annotations identifying the function of ~67% of all proteins in this genome.
Both PSI-BLAST and BASIC are used here in two different tasks. In the first part of the Results section, structural predictions for proteins from the M. genitalium genome are made by comparing their sequences against sequences and sequence profiles of proteins with known structures. In this application, both programs are used merely as fold prediction tools. The analysis of structure prediction results is used to argue for a broader interpretation of the prediction results as tentative assignments of M. genitalium proteins to homologous superfamilies. In this spirit, the same proteins are compared against proteins from the E. coli genome to study how many functional assignments can be transferred between genomes.
Results

Structural predictions
The set of 468 protein sequences from M. genitalium genome was downloaded from the World Wide Web site for The Institute for Genome Research. Each of these sequences was compared to a large protein sequence database using the PSI-BLAST [20] algorithm. In the next step, the same sequences were compared to a smaller database containing sequence profiles of a set of proteins representing all currently known protein folds using a profileprofile alignment program BASIC, a part of the suite of foldprediction algorithms [14, 22] . Technical details about the algorithms, databases and protocols for fold assignments are discussed in the Materials and methods section.
For the 468 protein sequences, the PSI-BLAST algorithm detected 126 significant (i.e. the number of proteins with the same score expected by chance, the E value, < 0.1) similarities to proteins with known structures. This constitutes 27% of the entire genome, the ratio being much higher than the 10% [24] or 16% [21] reported previously. The increase partly results from the increase in the number of known structures, but mostly it can be attributed to the much greater sensitivity of a new generation of BLAST algorithms. For comparison, for the same genome, Fischer and Eisenberg [21] reported 75 significant similarities using the older version of the BLAST algorithm and a smaller version of the database of known structures.
The BASIC program from our fold-recognition suite detected 176 significant (E value < 0.05) similarities to proteins with known structures (38%), an almost 40% increase over the PSI-BLAST recognition rate. This is a superset of BLAST predictions because all the high-significance BLAST predictions are independently recognized by the BASIC algorithm. Thus, there are 50 new structural assignments, which are listed in Table 1 . The significance threshold of the E value of 0.05 (see the Materials and methods section and the discussion in the next paragraph) is rather conservative, so there is a good chance that many predictions with a lower significance level are actually accurate. The complete analysis of the entire list of all 468 predictions is available from the authors' World Wide Web site (http://cape6.scripps.edu).
As discussed in the Materials and methods section, as a result of different databases and score distributions, significance assignment is difficult to compare between different methods, despite being expressed in a way analogous to that of the E value. Much more relevant are significance values of predictions that are known to be wrong. Such values could be used to 'calibrate' the method. For instance, the MG412 protein is predicted by BASIC to be similar to tyrosine phenol lyase (PDB code 1tpl) with the E value of 1 × 10 -10 and by PSI-BLAST to be similar to glucosamine phosphate synthase (PDB code 1gdo) with the (above threshold) E value of 0.2 (Table 1 ). Both predictions could not be correct at the same time, because the folds of 1tpl and 1gdo are different. The BASIC prediction results in a reasonable model with a well-conserved cofactor (pyridoxal-5′-phosphate, PLP) binding site and a predicted binding site compatible with its function (methyltransferase). At the same time, the BLAST prediction results in an alignment with unphysically long gaps and the resulting model has no active site. This strongly argues that the BLAST prediction is wrong and, thus, the significance threshold for the E value of 0.1, recommended by the authors of PSI-BLAST [20] , could not be lowered significantly. The appropriate significance threshold for the BASIC algorithm remains to be tested. The lowest E value for a known false prediction found during the testing and development of the algorithm was equal to 1.6. To account for possible differences between distributions on the testing set and the full prediction set, we used a very conservative E value of 0.05. More extensive testing of the BASIC algorithm may allow this value to be lowered and thus increase the number of fold predictions.
Functional analysis of structural predictions
Verification of fold predictions such as those presented in Table 1 is difficult because none of the structures is known. Several M. genitalium proteins in Table 1 , such as arginyl-tRNA synthetase (MG382), phenylalanyl tRNA synthetase (MG194), cysteinyl-tRNA synthetase (MG253) and trptophanyl-tRNA synthetase (MG127), uridine kinase (MG382) or uracil phosphoribosyltransferase (MG030), have obvious functional similarities to the proteins that were identified by the BASIC algorithm. Homologies between tRNA synthetases were postulated previously based on conserved short patterns around the active site [25] . Taken together, these observations can be used as a strong argument that these pairs are indeed homologous. For the 29 hypothetical M. genitalium proteins in Table 1 , no such indirect verification is possible because their function is not known. In two other examples (MG340 and MG218), only one domain from a large multidomain protein could be identified, so again even an indirect verification is not possible. In the remaining predictions, the functions of M. genitalium proteins are known, making it possible to discuss the predicted homology from this point of view. Of course, such arguments could not be used to verify the structural predictions because there are many examples of functional divergence between homologous proteins and functional convergence of non-homologous proteins. For many examples from Table 1 , however, the functional similarity does support, or at least does not contradict, the possible homology between the pairs recognized by the BASIC algorithm. Eight examples are now given.
First, ribosomal protein S12 (SWISS-PROT code RS12_ MYCGE, MG087) was predicted to have the OB-fold, already seen in several ribosomal and DNA/RNA binding proteins. It is interesting to note that a protein that was recognized as a homolog, the translational initiation factor IF1 from E. coli, is involved in ribosome binding. The S12 ribosomal protein is known to bind RNA directly and to interact strongly with other ribosomal proteins [26] . This may shed some light on the presently unknown mechanism of IF1 [27] . Only one 80 amino acid domain from the 139-residue S12 protein can be predicted. The remaining part is predicted to be predominantly helical.
Second, the nitrogen fixation (NIFS) protein homolog (SWISS-PROT code NISH_MYCGE, MG335) is predicted to be homologous to the pyridoxal phosphate dependent transferase superfamily, which includes aspartate and pyruvate aminotransferases, tyrosine phenol lyase and dialkylglycine and ornithine decarboxylase [28] . Distant homology between the NIFS family and pyruvate aminotransferase was postulated several years ago [29] . Recently, it was shown that the NIFS homologs are involved in the decomposition of several amino acids: a function similar to that of tyrosine lyase. All proteins from this superfamily show some sequence conservation around the PLP-binding site, but a large variety of active-site residues.
Third, serine methyltransferase (SWISS-PROT code GLYA_MYCGE, MG394) is predicted to belong to the same family as the NIFS protein, discussed above. This reaction is known to require pyridoxal phosphate, but this is a new reaction in this superfamily.
Fourth, deoxyribose phosphate aldolase (SWISS-PROT code DEOC_MYCGE, MG050) is predicted to have a TIM fold similar to that of other class I aldolases.
Fifth, dimethyladenosine transferase (SWISS-PROT code KSGA_MYCGE, MG459) is predicted to have a threelayered αβα fold similar to other DNA methylases.
Sixth, 2,3-biphosphoglycerate-independent phosphatase (SWISS-PROT code PMGI_MYCGE, MG426) is predicted to be similar to alkaline phosphatases.
Seventh, replicative DNA helicase (SWISS-PROT code DNAB_MYCGE, MG094) is predicted to have a structure similar to that of recA protein. Both proteins interact with single-stranded and double-stranded DNA with the helicase unwinding DNA during replication and recA catalyzing the pairing of homologous DNA sequences.
Finally, excinuclease ABC subunit C (SWISS-PROT code UVRC_MYCGE, MG204) is predicted to be structurally similar to 5′-exonuclease. This example will be analyzed in detail later.
In several of these predictions, it is possible to make an indirect confirmation of a PSI-BLAST result using a 'bridging protein' [30] . Such a protein is recognized as homologous to a prediction target and, at the same time, an independent search identifies its homology to another protein. Such predictions, however, have a rather low significance and require multiple BLAST runs. Here, they are identified in a single-step procedure and the prediction significance is high.
As mentioned earlier, predictions, such as those presented in Table 1 , are difficult to verify unless a structure of a protein being predicted is determined experimentally. A comparison of the functions of both proteins, if known, can be used as an additional argument for or against their homology and, thus, indirectly verify their predicted structural similarity. Another possibility is to follow the structural prediction to its logical conclusion and build a three-dimensional model using the tools of competetive modeling. Building a three-dimensional model doesn't have strong predictive powers because misleadingly good models with the wrong topologies can be built, and sometimes otherwise correct models could not be built because of alignment errors [22] . Nevertheless, to illustrate such an approach, we have built the three-dimensional model of excinuclease ABC subunit C (SWISS-PROT code UVRC_ MYCGE, MG204) using a T5 5′-exonuclease (PDB code 1exn; [31] ) as a template. The model was built using the automated modeling program MODELLER [32] and the alignment was obtained from the BASIC program. The T5 5′-exonuclease has the unusual feature of a helical arch, which allows a single strand of DNA to thread through it [31] . Despite the very low sequence similarity of both proteins (13% of identical residues), the BASIC algorithm recognizes their similarity with a high E value of 0.03. An excinuclease model is presented in Figure 1 . It is interesting to note that the unusual helical arch aligns very well with two predicted helices in 5′-exonuclease and a series of positively charged residues on the inside of the arch is perfectly reproduced in the model.
Functional predictions
The strong functional similarity between M. genitalium proteins with known functions, and their predicted structural 'cousins' is a strong argument that, as expected, the BASIC algorithm recognizes distantly related homologous proteins. Following this interpretation of the prediction results, there are several predicted relationships that provide new insights into the metabolism and other processes in M. genitalium. Three examples are now given.
First, a second enzyme involved in amino acid metabolism is identified by the homology between hypothetical protein MG347, Y347_MYCGE (see Table 1 ) and glycine methyltransferase (PDB code 1xve).
Second, an additional enzyme involved in the synthesis of nucleic acid components is identified by the homology of hypothetical proteins MG372 (Table 2 ) and MG084 (Table 3) with GMP synthetase (PDB code 1gpm).
Finally, an intriguing homology is found for the hypothetical proteins MG423 (Table 2 ) and MG139 (Table 3) with β-lactamase. At first glance, this does not make sense because M. genitalium is not sensitive to penicillin or other β-lactam containing antibiotics (M. genitalium lacks a cell wall) and no penicillin-binding proteins were found in Mycoplasma [33] . On the other hand, the problem of antibiotic resistance in multi-organism infections is not very well understood and it could be speculated that M. genitalium is an opportunistic pathogen that degrades antibiotics as a part of symbiotic relationship with other pathogens.
It is interesting to note that from 28 new fold assignments reported recently for this genome [21] , 18 were confirmed by a new generation of the BLAST algorithm, and an additional six were confirmed with high reliability and two with lower reliability by the method presented here. In only two cases from the list of 28 predictions of Fischer and Eisenberg [21] , the BASIC algorithm did not recognize any above average similarity to a protein with a known structure. Several predictions from the list of below threshold predictions presented by Fischer and Eisenberg were also confirmed either by the new BLAST or by the BASIC algorithm.
In all cases discussed so far, homology to proteins with known structures was sought to make a fold prediction possible. There are, however, many proteins with functions determined by experiment, but without known structures.
Establishing homology to such a protein family does not allow a structural prediction to be made, but allows some general predictions about the function of the new protein.
Threading methods, that use structural information about one of the proteins to enhance the recognition and alignment accuracy can not be used in such application. To study how many distant relations could be recognized with more sensitive sequence similarity tools, a database of protein profiles was prepared for all proteins from the Escherichia coli genome. Structure and function predictions for proteins from this genome are described in a separate publication (L.R., B.Z. and A.G., unpublished observations). Here, only standard database annotations were used.
Of the 468 proteins from the M. genitalium genome, 96 are not homologous to any known proteins and were not, therefore, being annotated by the original authors. 56 proteins were similar to other proteins with unknown function and were, therefore, described as hypothetical proteins; 317 proteins had assigned function based on homology to an already characterized protein family. The PSI-BLAST calculations analyzed previously for recognition of proteins with known structures were now analyzed for recognition of E. coli proteins. The BASIC algorithm was used with a database containing sequence profiles of all E. coli proteins. The E value significance threshold of 0.05 for BASIC predictions was used as before. For PSI-BLAST predictions, the threshold was lowered to include any prediction with an E value < 10 (i.e. any prediction included in the standard PSI-BLAST output).
In the group of proteins with no annotations, 22 could be matched to other proteins from E. coli, 11 using PSI-BLAST and 22 using the BASIC algorithm. The results are presented in Table 2 . As before, BASIC recognition is completely inclusive of the BLAST recognition, with the BASIC algorithm It is interesting to note that none of the individual residues is conserved, but the overall charge of this crucial structural fragment is identical in both proteins. function, with 12 of them assigned by PSI-BLAST. There are also three proteins whose function is known in M. genitalium that are homologous to hypothetical proteins from E. coli. All thus identified proteins are listed in Table 3 . In the latter case, all pairs are recognized both by PSI-BLAST and the BASIC algorithm. The complete list of the comparison of the M. genitalium proteins to the E. coli genome is presented on the authors' World Wide Web pages.
The analysis presented above was designed to compare relative sensitivities of PSI-BLAST and BASIC algorithms. It is by no means a complete analysis of function assignments possible for uncharacterized M. genitalium proteins. Such assignments could be done with a more complete analysis of PSI-BLAST output and/or with a further increase of the database of sequence profiles used by the BASIC algorithm. Such an analysis is currently in progress and will be the subject of a separate publication.
Discussion
The identification of distant evolutionary relationships is currently the most reliable structure and function prediction tool. The position-specific iterative BLAST algorithm represents the most sensitive of the widely available algorithms for such identification. For instance, it was shown here that this algorithm can assign folds to 25% of M. genitalium proteins, including most of the new predictions obtained using the 3D1D threading algorithm of Fischer and Eisenberg [21] . The PSI-BLAST algorithm achieved its high level of prediction accuracy by accounting for different mutation rules at different positions by automatically creating a sequence profile from a set of close homologs.
A new BASIC algorithm takes it one step further and compares a profile to a database of precalculated protein profiles. It enabled us to identify 50 additional homologies between proteins from the M. genitalium and well-characterized protein families, bringing the total number of fold assignments to 176, or 38% of the entire genome. This represents an increase of > 70% over recent threadingbased fold assignments and an almost 50% increase over the latest generation of the BLAST algorithm. This is a conservative estimate because rather stringent significance criteria were used to identify the BASIC predictions.
One has to bear in mind, however, that the prediction significance, as calculated by PSI-BLAST or BASIC algorithms is based on comparing the alignment score to the distribution of scores for the entire database. It is possible that the score differs from all the other scores for a reason other than the homology of the two proteins. For instance, an unusual composition of the prediction target may result in a 'significant' score to another protein with similar amino acid composition, despite a lack of any relationship between the two proteins. It is possible that in this sense high-significance prediction might be incorrect, even though we have failed to find such a case so far. Several strong predictions of similarity to RNA polymerase (PDB code 1sig) or topoisomerase (PDB code 1bgw) are possible exceptions. In these two proteins there are long fragments of coiled-coil structure, which can be matched to coiledcoil regions from other proteins, possibly without any homology between them. In this case, PSI-BLAST often predicts strong similarity to tropomyosin. Thus, prediction results, such as presented in Table 1 , must always be interpreted with caution and other factors, such as the similarity between the functions of both proteins (if known), should be taken into account when evaluating possible homology between assignments in Table 1 .
All predictions presented here and on the authors' World Wide Web site, represent genuine structural and functional predictions and, as such, are difficult to verify. By making them public, we invite verification of our predictions by experiment and other prediction algorithms. In all cases for which the function of a protein whose structure was predicted was known, however, it was possible to identify some analogy between this function and the functions of proteins from the homologous family identified in the prediction. 
Materials and methods
PSI-BLAST and the sequence database
The position-specific iterative BLAST algorithm [20] is the newest version of the de facto standard of database protein similarity searching algorithms. This algorithm addresses the principal shortcoming of the previous BLAST algorithm: its inability to introduce gaps in the alignment. In addition, the PSI-BLAST algorithm allows the iterative building of a sequence profile from the multiple alignment of sequences of homologous protein identified in the first pass of the algorithm. The PSI-BLAST program was downloaded from the NIH World Wide Web site (National Center for Biotechnology Information, URL: www.ncbi.nlm.nih.gov) and used following the guidelines in the manual. The sequence database used by the PSI-BLAST algorithm contains a non-redundant compilation of sequences available from SWISSPROT and PIR databases, as well as translated DNA sequences from the EMBL and NCBI nucleotide sequence databases and sequences of all proteins deposited in the Brookhaven PDB. This database was used to prepare sequence profiles (see below) for all targets and all templates and, thus, is a complete super-set of the database used by the BASIC method. The version used in this work was compiled in November 1997.
Profile sequence preparation
The method described in this paper is based on an evaluation of the similarity between two sequence profiles. A sequence profile is a position-specific probability distribution, which for every position along the sequence gives a probability that one of the 20 amino acids would occupy this position [12, 13] . Profiles were generated automatically using the multiple alignment of homologous sequences as generated by the PSI-BLAST algorithm. The technical details of the profile preparation are described in a separate publication [14] . Exactly the same procedure is followed for the target proteins as for all proteins contained in the databases being searched.
Databases of sequence profiles
Two databases were constructed for the work described here. The first database of 1151 representative protein structures was prepared on the basis of a non-redundant set of protein structures included in the FSSP database as available from the DALI server at EBI. This database was used for fold prediction. The second database consists of sequence profiles for all proteins from the E. coli genome, as available on the E. coli World Wide Web site at the University of Wisconsin Genome Center (URL: www.genetics.wisc.edu).
The BASIC profile-to-profile alignment algorithm
Two sequence profiles are compared in the same way as two sequences. A local-local version of a Smith-Waterman dynamic programming algorithm is used [34] . The similarity score between positions in two sequences is, however, calculated with the mutation matrix, such as for the Gonnett similarity matrix [35] . For two profiles, this value is calculated as an average of scores between all amino acid pairs, averaged according to the probability distribution in each profile. Three parameters, gap introduction penalty, gap extension penalty and a constant, added to each element of the mutation matrix, are optimized for a fold recognition benchmark, as described below.
Optimization and verification of the BASIC algorithm
The BASIC algorithm was optimized to recognize the maximal number of structurally similar proteins on benchmarks customized for fold-prediction algorithms. A particular benchmark available from the World Wide Web server at UCLA (URL: fold.doe-mbi.ucla.edu) was used during the development of a BASIC algorithm. This benchmark consists of 68 target proteins for which the correct template (structurally similar protein) has to be found in a database of ~300 examples. The results (Table 4) presented here show that a sequence-only fold recognition method can closely match the prediction accuracy of best threading algorithms. A more extensive evaluation of different fold recognition algorithms is presented elsewhere.
Score significance
Scores of individual profile-profile comparisons are corrected for the size of the proteins being compared [34, 36] and used to calculate the distributions of scores for a given prediction target. The empirical distribution was fitted to an extreme value distribution. The parameters of this fit were used to calculate the E value, i.e. the expected number of proteins with the given score in a given database.
The estimation of the reliability of the prediction was based on the E value statistic. The cutoff of 0.05 for the E value used here is much bigger then the scores of false positive answers of the procedure observed during the development. The biggest E value for a false positive in the UCLA benchmark described above was 1.6. At this point, however, it is not known how much the distribution of scores on the training set is different from the distribution on the larger set used in the actual predictions. For this reason, we use a very conservative significance threshold.
A version of the BASIC program is available on the group's World Wide Web site. It offers the possibility of similarity predictions in the database of structural families, as described above. The user can supply the sequence of the target protein. Results achieved on the UCLA threading benchmark with 68 targettemplate pairs and a database of 300 templates. The values given are the number of pairs for which the template obtained the rank indicated. For BLAST predictions, it is difficult to estimate lower significance predictions because often they are not listed because of a large number of homologous proteins. BLAST, BLAST 1.02 version [1] ; PSI-BLAST, [20] ; BASIC THREADING, threading as described in [9] ; global sequence alignment, sequence alignment using the GONET substitution matrix and the globallocal dynamic programming subroutine; hybrid THREADING, hybrid threading version [22] ; BASIC, method presented here (local alignment).
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